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eventually opening his own restaurant. Boris, his mother and older sister, Hope, followed him to Toronto in 1928. However, Vasilka became homesick for Macedonia and returned with the two children soon after arriving. Within a short time, however, she realized what a terrible mistake she had made in returning, but it took Peter another two years to save the money to reunite the family in Toronto in 1931. Boris acquired four more sisters, Anne, Dorothy, Margaret and Jesse, but no brothers, as he often reminded people with a wry smile. The very close-knit family endured the depression reasonably well, living in the immigrant community still known as Cabbage Town, after the predominantly Irish immigrants who had settled there. Boris attended Park Public School in Toronto from 1931 to 38 and was a high school student at Jarvis Collegiate Institute from 1938 to 43. While he figured prominently in academics, he also took a keen interest in running and ran cross-country races. He was rated in the top five of a subgroup of teenagers in Ontario for middle distance running and later, in university, ran the mile in under five minutes. He also played soccer and went on extensive bicycle tours with his friends (figure 1). Although Boris spent many hours working in his father's restaurant, no doubt developing his lifelong appreciation of fine restaurant meals, and even had opportunities to enter the family restaurant business, he preferred to engage in more challenging intellectual activities. His teachers encouraged him to go to university, even though in those days few students did so and those that did only thought of a job in industry or high school teaching. Because of his deep and mellow voice, his teachers further suggested that he enter law school, but since he had developed a strong interest in mathematics and was very good with his hands he was more inclined to technical areas. In 1943 he therefore enrolled in the Engineering Physics (now Engineering Science) programme at the University of Toronto, one of the most challenging undergraduate programmes of its kind in North America. He obtained his Bachelor of Applied Science degree in 1947 in the X-ray and Spectroscopy programme option. His first two undergraduate years occurred during the war years, and classes were often held on Saturdays. During those years he also spent two weeks or more at a training camp with the regular military, learning about explosives, building bridges, etc., since he was part of an engineering programme. In order to cover tuition, he worked during the summers at Research Enterprises, a company that manufactured radar units for Great Britain and Canada, and there he learned much about vacuum tubes (valves) such as magnetrons and klystrons. Immediately after graduation he found employment with the company, hoping to be engaged in invention and discovery, but found the work to be boring and tedious. It seemed that no matter what issue arose, one simply had to find the solution in a handbook rather than through discovery or one's own efforts. He therefore considered returning to university as a graduate student.
Graduate education
Boris was offered a $700 scholarship to become a graduate student at MIT, but the funds were only sufficient to cover tuition. Recalling the inspirational lectures of Professor Malcolm Crawford, Harry L. Welsh (FRS 1962) and others in the physics department, in the autumn of 1947 he returned as a graduate student to the University of Toronto, at the time one of only two universities in Canada with a physics PhD programme, the other being McGill University in Montreal. He initially enrolled for a one-year MA in theoretical physics, but with increasing respect for Welsh he decided to pursue a PhD in experimental research beginning in 1948. This was an opportune time to do so. The period just after World War II was an exciting time for scientific research, with new apparatus, such as photomultiplier tubes, infrared detectors and microwave instrumentation, all of which had been developed for the war effort, now becoming available for fundamental research. The National Research Council of Canada (NRC) also significantly increased its budget for university-based fundamental research over pre-war levels. In addition, the Canadian military provided funds to help reestablish research programmes for those academics who had helped with the war effort. Crawford and Welsh received some of these funds for courses they had given to the armed services and purchased an infrared spectrometer and other instrumentation. Welsh, assisted by a junior staff member, Ted Paschler, was setting up a new laboratory to perform infrared spectroscopy of gases at high pressures with equipment designed and built in Amsterdam. The research was initially focused on hydrogen and other homonuclear diatomic molecules, since rotational and vibrational spectra do not appear in the dipole approximation for the free molecules, and because theoretical work on hydrogen, in particular, is much simpler than for other molecules. Working with graduate student Jack L. Locke, Welsh and Crawford discovered in 1948 that the vibrational and rotational modes of homopolar molecules became active in compressed gases because of electron distribution distortion by binary and higher-order collisions. The effect of high pressure on enhancing allowed (also known as active) infrared transitions in polar molecules was also studied. Investigations included studying the effect of pressure on intensity changes, shifts, and broadening of spectral lines.
When Boris joined the group near the beginning of this highly fruitful period of research for Welsh, Andrew F. Dunn was a graduate student working on the infrared spectrum of methane and Boris was asked to begin experiments studying effects of pressure on the Raman spectrum of CO 2 . During their studies of the absorption spectra of compressed gases, Welsh and Crawford thought that the high-intensity, water-cooled mercury arc lamp might make Raman spectroscopy possible. Although technically more difficult, Raman spectroscopy is complementary to infrared spectroscopy. Raman spectroscopy of gases requires intense illumination of large samples, long exposure of photographic plates and high spectral resolution. The pressure shift of the vibrational frequency of symmetric molecules can be small and difficult to observe in the pressure broadened infrared absorption lines, but within the Raman effect the Q branch ( J = 0, v = 1) remains relatively narrow at any density. Boris, Paschler and Welsh designed and built glass and quartz Raman tubes with reasonably large volumes to be used at pressures up to 300 atm. In the coming years, further improvements of the arc (which became known as the Toronto lamp), and the design and development of the multiple-reflection Raman cell, made high-resolution, mainly rotational, Raman spectroscopy possible. The group also designed and built high-speed, high-dispersion spectrographs and blazed diffraction gratings, increasing the effective light-gathering power of the spectrograph with a cylindrical lens placed in front of the photographic plate, and baked the photographic plates to increase their sensitivity.
Using the 253.7 and 435.8 nm mercury lines of the arc lamp, Boris began with vibrational Raman studies of CO 2 at pressures up to approximately 100 atm, but later also investigated changes in the rotational Raman spectrum with the goal of gaining insight into anisotropic scattering by intermolecular forces through the broadening and shift of Raman lines. Another goal was to obtain detailed information on rotational constants. He also carried out some preliminary Raman spectroscopy of nitrogen, methane, hydrogen and oxygen in the same pressure range. Boris was very much influenced by Welsh's personality since he found him to be a quiet man, with a gentle wit, and possessing the characteristics of a true gentleman. Welsh was also a well-rounded individual whose knowledge extended outside of physics to music, languages, literature and history. He was very attentive to providing a warm atmosphere for his junior colleagues and, with his wife Marie, often invited students over to their house for tea or dinner. He was equally conscious of developing the careers of the young scientists under his tutelage and regularly took graduate students on car trips to the American Physical Society (APS) conferences on molecular spectroscopy held annually at The Ohio State University in Columbus. There they could interact with other scientists in their field.
It was also during his PhD time that Boris began a lifelong friendship with Arthur L. Schawlow (PhD 1949, co-winner of the 1981 Nobel prize in physics), who was a graduate student of Crawford's working on hyperfine spectroscopy. Boris often told stories of how he could hear Art, a lifelong jazz enthusiast, playing his clarinet while both were working late at night, with Boris waiting for photographic plates to be appropriately exposed while making sure the lamp continued to function properly. During the long hours he also played a lot of chess, but with less success than in his research. Bertram N. Brockhouse (FRS 1965, co-winner of the 1994 Nobel prize in physics) was also pursuing his PhD in low temperature physics at the same time.
In 1950, towards the end of his PhD (completed after only two years), Boris applied for a fellowship from the NRC postdoctoral programme, which had been set up in the previous year. His intent was to use the fellowship to do research in the high-pressure laboratory at the University of Amsterdam. However, shortly after applying he attended a colloquium by Gerhard Herzberg (FRS 1952, winner of the 1971 Nobel prize in chemistry) of the NRC lab in Ottawa. Boris marvelled at the presentation and Herzberg's beautiful work on the quadruple spectrum of molecular hydrogen as well as its significance in the detection of this gas in planetary atmospheres. He subsequently rethought his plans about going to Amsterdam and became more interested in having the opportunity to work as part of Herzberg's spectroscopy group in Ottawa. He discussed this with Welsh and asked him to approach Dr Herzberg. Herzberg was only too happy to receive this eager young man, and when his NRC fellowship was awarded it was transferred to the NRC lab in Ottawa in 1951. While waiting for the fellowship and subsequent transfer, Boris accepted a McKee-Gilchrist Fellowship, allowing him to remain at the University of Toronto as a postdoctoral fellow for one year, during which he obtained the first high-resolution Raman spectrum of methane at low pressures, thus resolving many previously unobserved features and obtaining, inter alia, the rotational constants of the upper state of the ν 3 band (1)*.
National Research Council of Canada years
When Boris arrived at NRC, Herzberg was director of the Division of Physics and head of a world-leading spectroscopy group. He had moved back to Canada for personal reasons in 1948 from the University of Chicago and Yerkes Observatory. Earlier he had spent several years at the University of Saskatchewan, where he had found a welcoming academic position following his arrival in Canada in 1935 as a refugee from Hitler's Germany. Within his spectroscopy group he offered considerable freedom to his junior colleagues, Alex Douglas (FRS 1979), Cec Costain, Don Ramsay (FRS 1978) and Hin Lew. Each was pursuing work in different subfields of spectroscopy, such as microwave, infrared and electronic spectroscopy. Boris, as an independent postdoc, proposed work in Raman spectroscopy since he was familiar with this field and it did not overlap with any of the existing areas. He also wanted to take advantage of the existing high-resolution seven-metre spectrographic grating.
Over the course of a year he worked with a skilled glassblower, George Ensell, to increase the intensity of the 'Toronto' mercury arc lamp, and with machinists to develop more efficient apparatus, including a multi-pass Raman cell. Dr Herzberg worked on his own projects with his own technician and, unless he had made a major scientific contribution to the research of his group members, he did not put his name on any of their publications, which he nonetheless encouraged to appear in the Canadian Journal of Physics. With these prompts from Herzberg during the 1950s and 1960s the journal became renowned as a source of high quality work in spectroscopy. Overall, Herzberg provided a stimulating environment for his group members, who would meet over lunch or for afternoon tea to discuss their latest results; there was an air of friendly competition. Herzberg, or 'GH' as he was affectionately known, also regularly invited leading scientists in all areas of physics to come to NRC for seminars, and during his time at NRC Boris met 40 actual or future Nobel prize winners.
After a year's work implementing numerous technical innovations (2), Boris did some of the best high-resolution rotational Raman spectroscopy in the world, obtaining spectra that could not be acquired elsewhere. In his first experiment he obtained the pure rotational spectra of benzene and deuterated benzene and determined with high precision the carbon-carbon and carbon-hydrogen bond lengths (3). Benzene had long been considered an important molecule in science following experimental confirmation of its proposed hexagonal planar structure by Kathleen Lonsdale (FRS 1945) in 1929 using X-ray diffraction techniques. After Herzberg saw Boris's Raman results in 1953, Boris was offered a permanent position as a research scientist and, as with the other junior staff members, he was allowed to employ a technician and as many as two postdoctoral fellows. He held this position until 1964.
Boris's patience was renowned, as he often spent up to 48 hours straight in his laboratory obtaining detailed Raman spectra. During his 1951-64 NRC years, Boris continued to astound the spectroscopy world with his marvellously detailed spectra (4, 5) and the derived molecular parameters of more than 20 nonpolar molecules, molecules that were not accessible by infrared and microwave absorption spectroscopy. His standards were high. In his own words in the 1950s he stated that a publication should not be superseded by one with results of higher precision or quality for at least 10 years. Looking back on his 30-odd publications in the field of high-resolution Raman spectroscopy, it is clear that he surpassed his own standards. Overall, and this certainly applies to the early part of his career, Boris's research style was to undertake difficult experiments and carry them out with precision rather than searching for, observing or explaining new phenomena.
And, of course, the years in Ottawa proved fruitful in other ways as well, for it was there that he met his wife (Lillian) Joan (née Ambridge). Although Boris and his fellow bachelor colleagues loved to work day and night, six days a week in the exciting research environment that Herzberg provided, one Saturday night in 1953, in response to an old high school chum's question 'What are you doing Saturday night?', Boris answered 'nothing'. This led to a blind date with Joan, who a year later became his wife. Along with friends and colleagues, they had an active social life, often enjoying cross-country skiing in winter and picnics in summer in the Gatineau Hills across the Ottawa river in Quebec. Their only child (Richard) Peter arrived in 1956 (figure 2); he is presently (2018) professor of English, president and vice-chancellor at the University of Saskatchewan.
In 1954, shortly after establishing his Raman laboratory, Boris resumed his friendship with Art Schawlow, then at Bell Telephone Laboratories but also working with his brother-in-law, Charles Townes, at Columbia University. Art and Charles were writing their now well-known book on microwave spectroscopy and Art would send Boris chapters for feedback. It was during this period that Townes, with his graduate student James Gordon, and Herb Zeiger developed the ammonia maser, which operated in the microwave region. By 1957 Art and Charles were thinking about an optical maser to provide coherent radiation in the infrared and possibly visible region. Art regularly kept Boris informed about some of their thoughts and forthcoming seminal publication about such a device (Schawlow & Townes 1958) . After the publication appeared, Boris immediately decided to try to make the first optical maser using electronically-excited atomic mercury. It was during this time that he also developed an interest in Brillouin scattering, and his first experiments on this form of inelastic light scattering were carried out on vitreous silica using the extremely narrow 253.7 nm line from a 198 Hg source (6), having obtained a milligram of this single isotope from the Chalk River nuclear laboratories, just up the Ottawa River. With publication of the Schawlow/Townes Boris's attempt to build the first optical maser in 1959 was performed with Gary Hanes, a postdoctoral colleague from the optical science group of the NRC. In addition to using gaseous 198 Hg as the gain medium, the pair used powerful xenon flash lamps for the pump source. These had been made by Harold Edgerton (professor of electrical engineering at MIT) during World War II. The Canadian Air Force had acquired and used these special short duration flash lamps to photograph the Canadian coastline. In 1959 many of these lamps were still at the NRC. After several attempts, Boris and Gary managed to achieve zero absorption, but no net gain. As Boris often told afterwards, regrettably he did not have the bright idea of using Brewster angle windows to reduce reflection losses from the gas-filled tube, a refinement later employed by Ali Javan and colleagues in late 1960 (Javan et al. 1961) to develop the first gas and first continuously operating optical maser, the He-Ne laser. Nonetheless, Boris kept Art informed about his efforts and, as soon as Ted Maiman at Hughes Laboratories had produced the world's first optical maser using ruby (Cr 3+ : Al 2 O 3 ) crystals in May 1960, Art and his colleagues polished several ruby gain media and sent Boris one of them. With the Edgerton flash lamps, Boris and Gary constructed Canada's first optical maser (soon to be called a laser), operational towards the end of 1960. With Alex Szabo and Gary, Boris proceeded to characterize this new optical source. In their early studies they placed a ruby laser in liquid nitrogen and discovered that the formation of multiple pulses was related to the three ground states of Cr 3+ in ruby. They also found that the formation of interference rings and narrowlyspaced frequency components in the output spectrum were related to geometrical effects such as thermal cavity drift and scattering of light within the ruby rod (7) (figure 3).
The invention of the laser revolutionized optical sciences and served as the basis for the second, and longer, part of Boris's research career, although he maintained his Raman research programme until he left NRC in 1964. As Boris and colleagues carried out original research on lasers, it quickly became apparent to them, and indeed to many working in academic and government labs, that competing with the major industrial laboratories in laser development was fruitless since industrial resources were substantial. Several companies became dedicated to laser manufacture once its many possible applications became apparent. By 1963 Boris decided to focus on applying lasers to spectroscopy. Boris's work on laser spectroscopy at NRC revealed two new features of the Raman effect. In the first set of experiments he turned his attention to the stimulated Raman effect, which had recently been independently discovered by Robert Hellwarth's and Robert Terhune's group in 1962. Using the ruby laser, Boris carried out careful studies of the angular spectrum and intensities of Stokes and anti-Stokes lines from liquid hydrogen, oxygen and nitrogen as well as carbon disulfide, benzene and carbon disulfide/benzene mixtures (8). The work confirmed various theoretical predications, but also pointed to higher-order nonlinear effects that lay outside the existing theoretical framework. In the second set of experiments, Boris and W. J. Jones demonstrated the inverse Raman effect, something he had attempted to do almost a decade earlier with his arc lamp. Since theory predicts that incoherent light scattering effects should appear both in emission (as in the normal Raman effect) and in absorption, experiments were set up with two consecutive cells filled with liquid toluene. Normal Raman scattering occurred in the first cell, while the inverse Raman effect (absorption of Stokes and anti-Stokes radiation from the first cell) occurred in the second cell (9) .
Visiting scientist at MIT
In 1963 Boris was encouraged by Herzberg to take a sabbatical year, even though NRC did not have an official sabbatical policy at the time. The NRC, however, had recently established an agreement with the Soviet Academy of Science to exchange scientists. Once this was made definite, Herzberg suggested to Boris, partly because of his Eastern European background, that he should be one of the first to go to the Soviet Union. However, Boris felt that if a sabbatical was being offered he would much prefer to work with Charles Townes at MIT. In 1962 he had met Townes at the APS molecular spectroscopy conference at The Ohio State University, where Boris, like Charles, was invited to give a talk on lasers. They had a chance to meet and discuss physics, during which Boris found out that Charles had reached the same conclusion as himself about using lasers in research rather than building new ones and, coincidentally, Townes was also interested in Brillouin scattering. So, in July 1963 Charles was quite happy to accept Boris as a visitor for a year. But when Boris asked if he could bring his technician to MIT, Townes was originally taken aback, wondering what Boris must have thought of the research environment at MIT. Boris explained that his NRC technician only worked with him and would have nothing to do if left in Ottawa. Overall, the sojourn at MIT proved fruitful, especially since Boris, with Townes recently having taken up a position as provost, was able to work with Townes's brilliant graduate students Ray Chiao and Elsa Garmire. Working with Ray and Charles, Boris further clarified the angular spectrum, or ring structure based on phase matching considerations, in the stimulated Raman effect. They also used a medium-power He-Ne laser to obtain the Brillouin spectrum of six molecular liquids, including water and carbon disulfide, thereby measuring the (hypersonic) sound velocity in those liquids (10). Together with Ray and Charles, and using a Q-switched ruby laser, Boris also observed stimulated Brillouin scattering in quartz and sapphire with scattered light emitted in the backward direction and high-intensity acoustic waves emitted in the forward direction (11).
Representatives from Perkin-Elmer and General Electric often visited the Townes labs and while there asked Boris to do consulting work. Although he did so for a while, and also received job offers from industry and academia in the United States, his real interest was to continue with his basic research programme at NRC, despite increasing government intervention in its programmes. However, an offer of a faculty position also came from the University of Toronto and Harry Welsh, who was then chairman of the physics department. Following the stimulation of working with bright students at MIT, he accepted the appointment as a full professor with tenure since it also offered a well-equipped laboratory and a fully paid technician, something common at NRC but new to the University at that time.
Faculty member at the University Of Toronto
Boris joined the University of Toronto in the autumn of 1964 and remained there for the rest of his career, apart from a short sabbatical at Stanford University in 1978 when he spent time with his old friend, Art Schawlow. The 1960s were heady years for the physics department since, under Welsh, it was in the midst of a major expansion; with the faculty complement increasing from 26 in 1960 to 60 in 1970 and the graduate student population increasing accordingly. Boris was not disappointed with his decision to come back to his alma mater. He proved to be an effective recruiter of talented graduate students, to whom he gave the same sense of independence that Herzberg had given him, and now, freed from the day-to-day direct involvement in performing experiments that had characterized his NRC days, he diverted part of his attention to preparing lectures for undergraduates, in the process becoming a charming classroom instructor. He also became increasingly involved in the rapidly growing Optical Society of America, which was undergoing major transformations following the invention of the laser and whose publications and conferences benefitted from individuals who had expertise in laser-related research.
Boris's first graduate student was Archie McQuillan. He undertook detailed studies of the stimulated Raman effect in liquid nitrogen and oxygen as well as diamond, obtaining reliable values for the Raman gain and the spectral and angular properties of stimulated emission in the presence of competing nonlinear optical effects. George Stegeman joined the group, as an MSc student, together with Rogers Stolen, as a postdoc, in 1965 and undertook investigations of Brillouin scattering in liquids (12), discovering high frequency but heavily damped thermal shear waves, Although it is well known that liquids cannot support shear waves at low frequencies, theoretical work begun in 1941 had shown that on nanosecond and shorter time scales a liquid behaves as a disordered solid, with molecules experiencing transverse fluctuations through molecular reorientation and diffusion coupled to local shear strain. Boris and George, using the 632.8 nm He-Ne laser, measured GHz frequency shear waves in several common molecular liquids (13) .
William (Bill) Gornall also joined the group in 1965 and initially was involved with George and Rogers in further characterizing the Brillouin spectra of liquids. However, for his PhD project Boris assigned him the goal of determining the adiabatic (in the first sound regime) elastic and photoelastic constants of single crystals of the rare gas xenon (14) . Bill, and several other graduate students that followed over the next 12 years, sought to obtain insight into interatomic (van der Waals) forces and pair potentials in Xe, Kr, Ar and Ne single crystals, which all existed at cryogenic temperatures. The apparent simplicity of the van der Waals interaction made these solids attractive as examples of perfect monatomic lattices, and considerable theoretical work existed. Besides these simple face-centred cubic crystals, molecular solids of H 2 , CH 4 and CD 4 were also later investigated. Experiments were hampered by difficulties in growing high quality single crystals because of the low melting point, small latent heat of fusion, high vapour pressure and extremely large thermal expansivity, but for Brillouin, unlike ultrasound and neutron, scattering only a small specimen (in the order of mm 3 ) is required. A side benefit of this research programme was that major advances were made in high finesse scanning Fabry-Perot interferometers, so important for laser spectroscopy. These were commercialized through Burleigh Instruments of Rochester, New York, when Bill became employed there.
Boris had an innate sense about when to get involved with his students' projects and all of them greatly respected his supervisory style and his high standards of accomplishment. His first three graduate students, McQuillan, Stegeman and Gornall, approached research in laser spectroscopy with gusto, and the laboratory in Toronto quickly flourished. Over the next 25 years Boris, the graduate students, postdocs and visitors systematically investigated several areas of optical spectroscopy. Boris felt it necessary to conduct whatever experimental and theoretical work necessary within his own group, and, apart from work with the occasional visitor, he really never engaged in collaborations with others. Since he gave his students considerable freedom in running their own experiments, they sometimes wondered if he could actually deal with some of the minor technical issues in the laboratory. However, more often than not, when they were stymied with such issues, it was his insight and guidance that provided the path forward.
With the arrival in 1974 of the research associate Stephen Wallace, who had earlier helped develop tunable dye lasers and four-wave mixing techniques with R. T. Hodgson at IBM labs, Boris began a fruitful programme of UV, VUV and XUV source development and spectroscopy. Along with postdoc Terry McKee, the team developed diffraction-limited KrF and XeF excimer lasers, operating at 248 and 351 nm respectively, and transferred some of this technology to Lumonics Corporation in Ottawa, a company with which Boris had held a consulting arrangement since its founding in the late 1960s. However, development of tunable coherent radiation sources deeper in the VUV were also highly successful (16) . Molecular vapours such as nitric oxide, bromine and benzene were used for resonantly enhanced fourwave mixing into the 130-152 nm region with continuous wavelength tunability achieved by pressure broadening the rotational structure at 10 atm. With magnesium vapour as the mixing medium, the tunability range was extended to 121-129 nm, which includes the 2p-1s Lyman-α transition (121.6 nm) of atomic hydrogen, with more than 108 photons produced per nanosecond pulse using 10 kW peak power in the dye-laser beams (17) . With Zn vapours and rare gases, and also by using third-harmonic generation (a degenerate form of four-wave mixing), by the early 1980s Boris's group had developed tunable VUV sources covering the region from 200 to 106 nm, with limited tuning down to 80 nm in the XUV. Resolving powers of approximately 10 6 were obtained. The spectral brightness of their sources exceeded that of a synchrotron in the same spectral region by five orders of magnitude with a 0.3 cm
linewidth.
The tunable dye lasers and VUV/XUV sources allowed the group to perform some of the best high-precision spectroscopy in the world. With the dye lasers and Doppler-free two-photon spectroscopy, with linewidths of a few MHz, Boris and students carried out several important spectroscopic investigations of Rydberg spectroscopy of alkali atoms and molecules (15) . For example, investigations of high principal quantum number Rydberg states of atomic Rb revealed collision induced self-broadening and frequency shifts of 2 S and 2 D Rydberg levels with pressures of 3-100 m Torr, and oscillations in the linewidth for the 2 S Rydberg levels with principal quantum numbers between 20 and 30.
With the VUV/XUV radiation the Stoicheff laboratory elucidated the structure of electronic excited states of diatomic molecules and studied excited species that are otherwise difficult to access selectively. It was possible to excite specific rotational states and observe large differences in their lifetimes arising from spin-orbit interactions. Attention initially was focused on CO and NO using the Mg-and Zn-based VUV sources. By the early 1980s the group was investigating the rovibronic spectrum of rare gas dimers, Xe 2 , Kr 2 , Ar 2 in the region 150-105 nm with extensions to Ne 2 near 75 nm (18). There were measurements of molecular constants of ground and excited states as well as radiative lifetimes of levels involved in laser emission. The rare gas dimers not only play an essential role in the chemical kinetics and electronic balance in lasers and lamps, they also offer an opportunity to examine in a welldefined family of diatomic molecules changes in electron-ion interactions as the mass of the dimer is increased. Earlier work by others lacked the sensitivity in populating specific welldefined rovibronic levels, as would be required to effectively characterize these states and obtain precise molecular constants. This work laid the foundation for the later use of coherent spectroscopies to design wave packets in atoms and for trapping H atoms.
In 1989 mandatory retirement at the age of 65 ended Boris's official ties to the University of Toronto. For a person of so many endearing qualities and who gave generously of his time, it was an easy decision for Dave May, a colleague and former graduate student of Welsh's, and me to organize a 'fest' to celebrate the landmark birthday. We invited hundreds of guests from around the world and it was certainly no surprise when so many travelled from near and far to accept the invitation, including his old friends Schawlow, Townes, Bloembergen, Herzberg and other internationally renowned spectroscopists. Several agreed to give seminars showing how their own work had been inspired in part by Boris.
Post retirement
Although formally retired, Boris continued to supervise five doctoral students as an emeritus professor until his last student (Robert I. Thompson) completed his PhD in 1994 (figure 4). During this period the intellectual wheels were still spinning as Boris, along with graduate student Louis Marmet and Kohzo Hakuta, a visitor from Japan, observed enhanced second-harmonic generation at the Lyman-α transition with a DC electric field used to break the centrosymmetry (19) . The DC-electric-field coupling of the 2s and 2p states in atomic hydrogen leads to resonantly enhanced second-order susceptibility with reduced absorption at the second-harmonic wavelength, and exact phase matching at the centre of the Stark-split components. This work was followed by sum frequency generation at the 3p-1s Lyman-β transition (103 nm) of atomic hydrogen through electromagnetically induced transparency (20). Strong laser coupling of the 3p-2s transition and interference with twophoton coupling of the 2s and 1s states allow the Lyman-β transition to become transparent. The generated Lyman-β radiation grows through automatic phase matching without suffering resonant absorption. With his laboratory shut down by 1994, Boris did not rest on his scientific accomplishments (figure 5). He undertook two major projects that kept him occupied for the next seven years. In the first Boris undertook to write a biography of Herzberg, his long-time mentor and Nobel prize winning spectroscopist. As with everything else he undertook, Boris paid considerable attention to detail and was incredibly thorough in the treatment of Herzberg's life. He went to Germany to visit the institutions where Herzberg had worked to examine original documents. He also regularly interviewed Herzberg in Ottawa until the latter's passing in 1999, and spent many hours examining 'the several feet' of original letters and other documents in the files at the National Archives to make his book as authoritative as possible. The biography was published in 2002 (22) (figure 6).
The second project began in 1995 when a new programme of first year seminar courses was initiated at the University of Toronto to introduce incoming undergraduates to the excitement of university scholarship. These were to be full-year elective courses, and in each course students would interact with a faculty member in groups of no more than 20 students and (atmospheric phenomena) , astronomy, religion, literature, art, architecture, film, live theatre, psychology, health and medicine. While Boris professed a keen interest in all these topics, he did not wish to present himself as an expert in many of them and often brought in guest lecturers, including the lighting director of the Stratford Festival, the director of the Art Gallery of Ontario (down the street from the physics department, permitting the director to give students a tour), Boris's son Peter, who spoke on light in literature, and other experts on psychology and medicine. As the lecture periods were two hours long, Boris showed thoughtfulness for the students when he brought along juice boxes and cookies for an informal break, similar to those held at scientific conferences.
Service to the community
Shortly after his faculty appointment at the University of Toronto in 1964, and with the fine bevy of graduate students working in the lab, Boris, with incredible generosity of his time, increasingly engaged in serving the broader scientific community through its granting agencies, scientific societies and beyond. He brought keen insight, analytical abilities, sound judgement and new ideas to the numerous volunteer roles he willingly took on. His ability to get to the point quickly and make incisive suggestions served him and the community well. He was appointed to the executives of the Optical Society of America and the Canadian Association of Physicists, serving as president of the former in 1976 and of the latter in 1983-84. Boris was always attracted to working with the best and brightest minds and was also attracted to the high degree of conviction he saw in the people working in these organizations. After his passing, both societies honoured Boris by jointly establishing an annual scholarship to be given to a graduate student who had demonstrated excellence in research and service to the community. Boris took on other major leadership roles as well, including chairmanship of the Engineering Science programme at the University of Toronto (1972-77) and, from 1987 to 1991, founding director of the Ontario Laser and Lightwave Research Centre, one of seven Centres of Excellence established by the province of Ontario to foster high quality scientific work and promote enhanced university-industrial interactions.
He served on numerous committees and councils of the NRC, and later the Natural Sciences and Engineering Research Council of Canada, after it was initiated and separated from the NRC in 1977 to better serve the academic community. These included scholarship and grant selection committees as well as council and executive committees. To prompt the Senior Fellowsaccomplished scholars or community leaders-to become more engaged in the College and to foster the exchange of ideas, he set up a monthly luncheon seminar programme that continues to this day. In 2015 the College commissioned a sculpture, a stylized sphere placed in the quadrangle and entitled 'serenity', to commemorate his and Ursula Franklin's significant contribution to the life of the College as Senior Fellows. Finally, not simply content to serve the academic community, and remembering his roots, he became a founding member and vice-president for the Canadian Macedonian Place, a Senior Citizen's Home.
Personality
It is nearly impossible to portray this eminent scientist without making specific reference to his gracious and charming personality. Although Boris enjoyed a highly successful scientific career with many honours and leadership roles, he is likely equally remembered for how special he made people feel. Anyone who met Boris felt his genuine warmth and the force of his outgoing personality. Always a gentleman, Boris seemed to evoke the best from his co-workers and students by making physics fascinating and by conveying his own love of the
